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1

SYSTEM AND METHOD OF CONTROLLING
A ROBOT

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C. §
119(a) to Korean application number 10-2015-0061559,

filed on Apr. 30, 2013, 1n the Korean Intellectual Property
Oflice, which 1s incorporated herein by reference in 1ts
entirety.

BACKGROUND
1. Technical Field

Various embodiments generally relate to a robot control
technology and, more particularly, to a system and a method
of controlling a robot, and a computer program for control-
ling the robot.

2. Related Art

During the semiconductor fabrication process, an elec-
tronic circuit 1s formed through a combination of stacking

sequences and pattern shapes of various material layers on
a substrate.

Various unit processes mcluding deposition, etching, pol-
1shing, cleaning, etc., are repeated during the semiconductor
fabrication process. The substrate 1s loaded into chambers

that provide precise ambient conditions for the unit pro-
CEeSSes.

Thus, semiconductor {fabrication equipment includes
robots suitable for transferring the substrate among the
chambers.

The robot 1s operated by a motor driven by a drive signal
from a driver 1n response to a control command from a
controller. The controller 1s required to accurately and
precisely operate the robot.

SUMMARY

According to an embodiment, there 1s provided a system
for controlling a robot moving vertically and horizontally
using a motor, the system comprising: a detector suitable for
generating a feedback signal by detecting physical status of
the motor; and a controller suitable for detecting loading of
a substrate on the robot based on the feedback signal during
a vertical moving interval of the robot, and generating a
control command 1n accordance with the detection of the
loading of the substrate.

According to an embodiment, there 1s provided a method
of controlling a robot moving vertically and horizontally
using a motor, the method comprising: recerving a feedback
signal representing physical status of the motor; generating
a substrate detection signal by detecting loading of a sub-
strate on the robot based on the feedback signal during a
vertical moving interval of the robot; and generating a
control command based on the substrate detection signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments can be understood 1n more detail from
the following detailed description taken 1n conjunction with
the accompanying drawings. FIGS. 1 to 8 represent non-
limiting embodiments as described herein.
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2

FIG. 1 1s a block diagram illustrating a system for
controlling a robot in accordance an embodiments;

FIG. 2 1s a block diagram 1llustrating a controller of the
system 1n FIG. 1;

FIG. 3 1s a block diagram illustrating a substrate-detecting
unit of the controller 1n FIG. 2;

FIG. 4 1s a block diagram 1llustrating a robot-controlling,
unit of the controller 1n FIG. 2;

FIG. § 1s a timing chart 1llustrating a method of control-
ling a robot 1n accordance an embodiment;

FIG. 6 1s a flow chart 1llustrating a method of controlling
a robot 1n accordance with an embodiment;

FIG. 7 1s a cross-sectional view illustrating semiconductor
fabrication equipment in accordance an embodiment; and

FIGS. 8A and 8B are cross-sectional views illustrating
blades 1n accordance with an embodiment.

DETAILED DESCRIPTION

Various embodiments will be described more fully here-
iafter with reference to the accompanying drawings. The
present invention may, however, be embodied 1 many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present
invention to those skilled 1n the art. In the drawings, the sizes
of layers and regions may be exaggerated for clanty.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to” or “coupled to”
another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element 1s
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer
to like elements throughout. As used herein, the term “and/
or’ includes any and all combinations of one or more of the
associated listed 1tems.

It will be understood that, although the terms first, second,
third etc may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings of the present
invention.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used to make
it easier to describe one element or feature’s relationship to
another element(s) or feature(s) as illustrated 1n the figures.
It will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
use or operation 1n addition to the orientation depicted 1n the
figures. For example, if the device 1n the figures 1s turned
over, elements described as “below” or “beneath” other
clements or features would then be oriented “above” the
other clements or {features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. The device may be otherwise orniented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used 1s not mtended to limit the present

invention. As used herein, the singular forms *“a,” “an” and
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“the” are intended to 1include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

Idealized embodiments are described herein with refer-
ence to cross-sectional illustrations (and imntermediate struc-
tures). As such, vanations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, embodiments
should not be construed as limited to the particular shapes of
regions 1llustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from an implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some 1mplantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic 1n
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not 1intended to
limit the scope of the present invention.

Unless otherwise defined, all ter (including technical and
scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be terpreted as having meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an i1dealized or overly
formal sense unless expressly so defined herein.

Hereinafter, embodiments will be explained 1n detail with
reference to the accompanying drawings.

FIG. 1 1s a block diagram illustrating a system 10 for
controlling a robot 1 accordance with an embodiment.

Referring to FIG. 1, the system 10 may include a con-
troller 100, a driver 200, a motor 300 and a detector 400.

The controller 100 may control all operations of the
system 10. The controller 100 may control vertical and
hornizontal movements of the robot to locate the robot at a
target position. In an embodiment, the controller 100 may
generate control commands for operating the robot in
response to a command signal from an external device and
a feedback signal from the detector 400. The controller 100
may transmit the control commands to the driver 200. The
control commands may include a position command, a
velocity command, a current command, a torque command,
etc.

The controller 100 may determine whether a substrate 1s
loaded on a blade of the robot during a vertical moving
interval of the robot 1n response to a motor detection signal,
which 1s one of the feedback signals from the detector 400.
The controller 100 may control the robot in accordance with
the loading of the substrate on the robot. The motor detection
signal may include a position signal. For example, the
position signal may represent the position of the motor 300.

The driver 200 may generate and transmit a drive signal
to the motor 300 1n response to the control commands from
the controller 100. The motor 300 may operate the robot to
have a desired position, direction, speed, torque, etc. in
response to the drive signal. In an embodiment, the motor
300 may move the robot to the desired position 1n the desired
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direction. For example, the motor 300 may move the robot
in the vertical and horizontal directions.

The detector 400 may be disposed at a driving shaft of the
motor 300. The detector 400 may detect the physical status
of the motor 300, for example, a rotation angle of the motor
300. The detector 400 may transmuit the rotation angle as the
position signal or the motor detection signal to the controller
100. In an embodiment, the detector 400 may include an
encoder, tachometer, etc.

In example embodiments, the robot may be moved by the
motor 300 to the desired position 1n the desired direction.
For example, the robot may be moved in the vertical and
horizontal directions.

In the system 10, the controller 100 may generate the
control commands 1n accordance with a diflerence between
the command signal and the feedback signal. Further, the
driver 200 may perform a power conversion in accordance
with the control commands to provide the drive signal to the
motor 300.

The controller 100 may detect a vertical speed of the
motor 300 from the feedback signal of the detector 400. The
teedback signal of the detector 400 may include the position
signal of the motor 300. Because a diflerential value of the
position signal corresponds to a speed, the controller 100
may detect the speed of the motor 300 from the position
signal.

The motor 300 may have a speed profile comprising first
to third speed intervals. During the first speed interval, the
motor 300 accelerate and decelerate the robot to a first
location. During the second speed interval, the motor 300
may move the robot to a second location with a constant
speed alter the substrate 1s loaded on the robot. During the
third speed interval, the motor 300 may accelerate and
decelerate the robot to a third location or a target location.

During the second speed interval of the constant speed,
when the substrate 1s loaded on the blade of the robot, the
blade may quiver due to the weight of the substrate. The
quiver of the blade may cause changes 1n the position signal
of the motor 300 suitable for vertically moving the robot.

In accordance with an embodiment of the present mnven-
tion, the second speed imterval of the motor 300 may be
detected based on the feedback signal, 1.e., the position
signal from the detector 400. During the second speed
interval, the feedback signal or the position signal from the
detector 400 may be compared with the command signal.
When there 1s a change 1n the position signal of the motor
300, 1.e., a position error of the motor 300 during the second
speed interval of the constant speed, the loading of the
substrate on the blade may be detected. In order to improve
accuracy of the detection, the loading of the substrate on the
blade may be preferably detected when the position error
lasts for a predetermined time during the second speed
interval.

During the vertical moving interval of the motor 300, the
drive signal for controlling the motor 300, for example, a
current value may be determined 1n accordance with
whether the substrate 1s loaded on the blade. To this end, the
type of substrate on the blade may be identified based on
change of the current value detected when the substrate 1s
loaded onto the blade, and the drive signal for controlling the
motor 300 may be determined on the basis of the 1dentified
type of the substrate.

In an embodiment, the current value change when the
substrate 1s loaded on the blade may be obtained through
secondary differentiation of the position signal from the
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detector 400. However, 1t 1s obvious that the current value
change can be obtained through various manners other than
secondary differentiation.

FIG. 2 1s a block diagram 1llustrating the controller 100 of
the system 10 1n FIG. 1.
Referring to FIG. 2, the controller 100 may include a

memory 110, an mputting device 120, an outputting device,
a robot-controlling unit 140 and a substrate-detecting unit

150.

The memory 110 may include a main memory unit and an
auxiliary memory unit. The memory 110 may store data for
operation of the system 10.

The mputting device 120 may include an interface suit-
able for receiving operational parameters, control com-
mands, etc., including the command signal for controlling
the system 10.

The outputting device 130 may include an interface
suitable for outputting signals with respect to operations of
the system 10.

Data may be transmitted through an external computing
device networked with the controller 100. The computing
device may be coupled to the controller 100 through wire or
wireless data communication links.

The robot-controlling unit 140 may generate the control
commands for controlling the robot based on the feedback
signal from the detector 400 and the command signal from
the inputting device 120. Particularly, the robot-controlling
unit 140 may generate the control commands in accordance
with the diflerence between the command signal and the
teedback signal. The control commands may include the
position command, the speed command, the current com-
mand, the torque command, etc.

The substrate-detecting unit 150 may detect the loading of
the substrate on the blade of the robot based on the feedback
signal from the detector 400.

In an embodiment, the substrate-detecting unit 150 may
detect the speed of the motor 300 based on the feedback
signal or the position signal from the detector 400. When a
position error occurs during the second speed interval of the
motor 300 and particularly the position error lasts for the
predetermined unit time, the substrate-detecting unit 150
may detect the loading of the substrate on the blade of the
robot. When the substrate 1s loaded on the blade of the robot,
the substrate-detecting unit 150 may transmit a substrate
detection signal to the robot-controlling unit 140. The sub-
strate-detecting unit 150 may detect the loading of the
substrate during the vertical moving interval of the robot.

Therefore, the robot-controlling unit 140 may generate
the control commands for the robot according to the loading,
or the unloading of the substrate on the blade of the robot.

FIG. 3 1s a block diagram illustrating the substrate-
detecting unit 150 of the controller 100 1n FIG. 2.

Referring to FIG. 3, the substrate-detecting unit 150 may
include a speed-detecting unit 151, an error-detecting unit
153 and a determining unit 155.

The speed-detecting unit 151 may detect the speed of the
motor 300 based on the feedback signal or the position
signal from the detector 400. The speed-detecting unit 151
may detect the speed of the motor 300 by primanly differ-
entiating the feedback signal. Theretfore, the speed-detecting
unit 151 may detect the second speed interval of the constant
speed of the motor 300.

The error-detecting unit 153 may detect the position error
of the motor 300 based on the feedback signal from the
detector 400 and the command signal during the second
speed 1nterval of the constant speed of the motor 300.
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The determining unit 155 may determine the loading of
the substrate on the blade of the robot during the second
speed interval of the constant speed based on the detection
results of the speed-detecting unit 151 and the error-detect-
ing unit 153. The determining unit 155 may generate and
transmit a substrate detection signal to the robot-controlling
umt 140 when the position error of the motor 300 occurs
during the second speed interval of the constant speed of the
motor 300.

In an embodiment, the determining unit 155 may generate
and transmit the substrate detection signal to the robot-
controlling unit 140 when the position error of the motor 300
lasts for the predetermined time during the second speed
interval of the constant speed of the motor 300.

The substrate-detecting unit 150 may further include a
reference table 157 and a current-detecting unit 159.

The reference table 157 may store impact forces and
torque correction values of various types of the substrates
that the robot may transfer. The impact forces may corre-
spond to current values applied to the blade of the robot at
the loading of the substrate on the blade. In an embodiment,
examples of the various types of the substrates may include
walers having a diameter of about 200 mm, about 300 mm,
about 450 mm, etc. The size of the substrate may determine
the weight of the substrate. The controller 100 may deter-
mine the drive signal for the motor 300 1n accordance with
the size or the weight of the substrate loaded on the blade of
the robot.

The current-detecting unit 1539 may detect an actual
current value of the motor 300 at the loading of the substrate
on the blade determined by the determining unit 155. The
current-detecting unit 159 may select the torque correction
value corresponding to the mmpact force of the detected
actual current value from the reference table 157. The
current-detecting unit 159 may transmit the selected torque
correction value to the robot-controlling umt 140. The
robot-controlling unit 140 may retlect the selected torque
correction value to a torque of the motor 300.

Thus, the controller 100 may control the motor 300 by
providing optimal force to the motor 300 through the driver
200 for various types of the substrates transierred by the
robot.

In an embodiment, the current-detecting unit 159 may
receive the speed of the motor 300, which 1s the primarily
differentiated value of the feedback signal or the position
signal provided from the detector 400, from the speed-
detecting unit 151. The current-detecting umit 159 may
secondarily differentiate the primarily differentiated value to
obtain the actual current of the motor 300. The current-
detecting unit 159 may detect the actual current value of the
motor 300 based on an acceleration value corresponding to
the secondary differentiation value of the feedback signal.

The current-detecting umit 1539 may generate a vibration
control signal based on the detected actual current value. For
example, 1n order to generate the vibration control signal,
the current-detecting unit 159 may measure a vibration
frequency based on a diflerence between a command current
value and the actual current value. The current-detecting unit
159 may transmit the vibration frequency to the robot-
controlling unit 140.

FIG. 4 1s a block diagram 1llustrating the robot-controlling
unit 140 of the controller 1n FIG. 2.

Referring to FIG. 4, the robot-controlling unit 140 may
include a position-controlling unit 1410, a speed-controlling
unit 1420 and a current-controlling unit 1430.

The position-controlling unit 1410 may generate a posi-
tion control command based on the difference between the
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command signal, 1.e., a position command signal from the
inputting device 120, and the feedback signal or the position
signal from the detector 400.

The speed-controlling unit 1420 may receive the position
control command as a speed command signal. The speed-
controlling unit 1420 may detect the difference between the
teedback signal from the detector 400 and the speed com-
mand signal. The speed-controlling umt 1420 may generate
a speed control command based on the substrate detection
signal from the determiming unit 155 during the vertical
moving interval of the motor 300.

In an embodiment, the current-detecting unit 159 may
measure the vibration frequency based on the difference
between the command current value and the actual current
value to generate the vibration control signal. The current-
controlling unit 1430 may generate a current control com-
mand based on the vibration control signal from the current-
detecting unit 159.

The current-controlling unit 1430 may receive the speed
control command as a current command signal. The current-
controlling unit 1430 may correct the current control com-
mand based on the torque correction value from the current-
detecting unit 1359. As mentioned above, the current-
detecting unit 159 may detect the actual current value during
the vertical moving interval of the motor 300. The torque
correction value corresponding to the actual current value
may be obtained from the reference table 157.

In an embodiment, the loading of the substrate on the
blade of the robot may be detected on the basis of the
feedback signal from the detector 400. The types of the
substrate on the blade may also be 1dentified based on the
teedback signal from the detector 400.

Theretfore, various shapes and sizes of the blades may be
applied to the robot without an additional apparatus for
detecting the loading of the substrate on the blade.

FIG. 5 1s a ttiming chart illustrating a method of control-
ling the robot 1n accordance with an embodiment and FIG.
6 1s a tlow chart 1llustrating the method of controlling the
robot in accordance with an embodiment.

Referring to FIG. 5, the motor 300 may be vertically
moved according to the speed profile having the first to third
speed intervals. FIG. 5 shows the first speed interval as a first
position control mode P-Model, shows the second speed
interval as a first speed control mode V-Model, a torque
control mode T-Mode and a second speed control mode
V-Mode2, and shows the third speed interval as a second
position control mode P-Mode 2.

The motor 300 may be driven by the drnive signal of the
driver 200 under the control of the controller 100 to operate
the robot. The detector 400 may continuously receirve the
position signals from the motor 300. The detector 400 may
transmit the feedback signal to the controller 100.

During the first position control mode P-Mode 1 or the
first speed 1nterval of the motor 300, the robot may vertically
move to the first location.

After the robot 1s positioned at the first location, the robot
may move with constant speed during the second speed
interval. At step S100, the controller 100 may continuously
receive the feedback signal or the position signal from the
detector 400. At step S200, the controller 100 may primarily
differentiate the feedback signal to detect the speed of the
motor 300.

At step S300 during the second speed interval of the
constant speed of the motor 300, when a position error A
occurs at a specific time t11, which i1s identified from the
comparison between the feedback signal from the detector
400 and the command signal from the inputting device, the
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controller 100 may determine the loading of the substrate on
the robot. At step S500, the controller 100 may enter the
torque control mode T-Mode 1n the second speed interval to
generate the current control command.

As another embodiment (not i1llustrated i FIG. §), at step
S400, when the position error A lasts for the predetermined
time T1 ending at the time t12, the controller 100 may
determine the loading of the substrate on the robot and
perform step S500. For example, the motor 300 may drive
the robot 1n response to the current control command during
an interval T2, which is the rest interval of the torque control
mode T-Mode after the detection of the loading of the
substrate at the time t12. When the controller 100 enters the
second speed control mode V-Mode2 1n the second speed
interval, the robot may move to a second location. During
the second position control mode P-Mode2 or the third
speed interval, the robot may move to a third location.

When the actual current value of the motor 300 1s detected
by the current-detecting unit 159 at the loading of the
substrate on the blade during the unit time T1, types of the
substrate may be 1dentified through the detected actual
current value and the reference table 157 storing the impact
forces and torque correction values of various types of the
substrates that the robot may transfer.

Further, the current control command during the torque
control mode T-Mode may be corrected 1n accordance with
the 1dentified type of the substrate. For example, the current
control command may be changed between H1 and H2
(shown 1n FIG. 5) based on the torque correction value from
the current-detecting unit 159 in accordance with the 1den-
tified type of substrate. As described above, the current-
detecting unit 159 may measure the vibration frequency
based on the difference between the command current value
and the actual current value to generate the vibration control
signal. The current-controlling unit 1430 may generate the
current control command based on the wvibration control
signal from the current-detecting unit 159. The current-
controlling unit 1430 may correct the current control com-
mand based on the torque correction value from the current-
detecting unit 159.

The current control command corrected by the torque
correction value may be applied to the motor 300 during the
interval T2, which 1s the rest interval of the torque control
mode T-Mode after the detection of the loading of the
substrate at the time t12.

Referring to FI1G. 6, at step S600, when the substrate 1s not
loaded on the robot during the second speed interval of the
motor 300, the current control command for driving the
robot without the substrate may be generated.

In the robot control system 10, the functions of the
controller 100 may be performed by computer programs
applicable for the robot control system 10.

FIG. 7 1s a cross-sectional view illustrating semiconductor
fabrication equipment 1n accordance with an embodiment.

Reterring to FIG. 7, the semiconductor fabrication equip-
ment 500 may include at least one bufler chamber 510,
transfer chamber 520 and a plurality of process chambers
530.

The bufler chamber 510 may include a cassette 511
suitable for recerving the substrate before or after a process.
The cassette 511 may include a front opeming unified pod
(FOUP).

A robot 5200 may be arranged in the transfer chamber
520. The robot 5200 may include a body 3521, a first moving
member 523, a second moving member 525, a rotary actua-
tor 527 and a blade 529.
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The first moving member 523 may be combined with the
body 521 in the hornizontal direction. The second moving
member 525 may be combined with the body 521 in the
vertical direction. The rotary actuator 527 may be installed
at the body 521 to rotate the blade 529 in the horizontal
direction.

The blade 529 may be suitable for receiving the substrate

S. Referring to FIGS. 8A and 8B, the blade 529 may have
various shapes. In FIG. 8A, the blade 529-1 may have a
circular shape. In FIG. 8B, the blade 529-1 may have a
quadrilateral shape.

A stage 531 suitable for recerving the substrate S may be
arranged in each of the process chambers 530. When the
substrate S transierred from the transier chamber 520 1s
placed on the stage 531 in the process chamber 530, a
process may be performed on the substrate in the process
chamber 530.

Gates G may be arranged between the buller chamber 510
and the transfer chamber 520, and between the transfer
chamber 520 and the process chamber 530. The substrate S
may pass through the gates S. The gates G may be opened
only while the substrate S is transierred. In contrast, the
gates G may be closed whenever substrate S 1s not being
transierred to prevent the chambers 510, 520 and 530 from
being contaminated.

In an embodiment, the substrate S may mclude a semi-
conductor substrate, a flat panel for a liquid display device,
a reticle, etc.

Further, the semiconductor fabrication equipment may be
In-line type equipment, cluster type equipment, etc.

The semiconductor fabrication equipment 500 may be
controlled by the robot control system 10 illustrated with
reference to FIGS. 1 to 6.

While various embodiments have been described above,
will be understood to those skilled in the art that the
embodiments described are examples only. Accordingly, the
circuit and method described herein should not be limited
based on the described embodiments.

What 1s claimed 1s:

1. A system for controlling a robot moving vertically and
horizontally using a motor, the system comprising:

a controller for generating a control command;

a driver for driving the motor to move the robot compris-

ing a blade, 1n response to the control command; and

a detector suitable for generating a feedback signal by

detecting physical status of the motor;

wherein the robot 1s configured to accelerate and decel-

crate to a first location during a first speed interval,
move to a second location with a constant speed during
a second speed interval, and accelerate and decelerate
to a target location during a third speed interval,
wherein the first speed interval, the second speed interval,
and the third speed interval occur in sequence,
wherein the controller 1s configured to detect whether or
not a substrate 1s loading on the robot based on the
feedback signal during the second speed interval begin-
ning at a first time and ending at a second time, and
generate the control command 1n accordance with the
detection of the loading of the substrate during the
second speed interval at the second time, and
wherein the controller 1s configured to detect whether or
not a substrate 1s loading on the robot based on change
of the feedback signal according to quiver of the blade
due to one of a weight, a size of the substrate when the
substrate 1s loaded on the blade of the robot.

2. The system of claim 1, wherein the controller com-
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a substrate-detecting unit suitable for generating a sub-
strate detection signal based on speed and position error
of the motor, wherein the speed of the motor 1s detected
from the feedback signal; and

a robot-controlling unit suitable for generating the control
command based on the substrate detection signal and a
difference between the feedback signal and a command

signal.

3. The system of claim 2, wherein the substrate-detecting,
unit 1s suitable for generating the substrate detection signal
during the second speed interval when the motor moves the
robot with a constant speed.

4. The system of claim 2, wherein the substrate-detecting,
unit generates the substrate detection signal when the posi-
tion error lasts for a predetermined umt time during the
second speed interval when the motor moves the robot with
a constant speed.

5. The system of claim 1, wherein the controller detects an
actual current value of the motor based on the feedback
signal 1n accordance with the detection of the loading of the
substrate.

6. The system of claim 5,

wherein the controller includes a reference table suitable
for storing impact forces for various types of the
substrate and torque correction values corresponding to
the impact forces and,

wherein the controller generates the control command by
selecting one of the torque correction values corre-
sponding to one of the impact forces of the detected
actual current value.

7. The system of claim 5, wherein the controller detects
the actual current value by secondarily differentiating the
teedback signal.

8. The system of claim 5, wherein the controller generates
the control command by measuring a vibration frequency
based on a difference between the actual current value and
a command current value.

9. The system of claim 1,

wherein the controller comprises a substrate-detecting
unit, and

wherein the substrate-detecting unit comprises:

a speed-detecting unit suitable for detecting a speed of the
motor based on the feedback signal;

an error-detecting umt suitable for detecting a position
error ol the motor based on the feedback signal; and

a determining unit suitable for generating a substrate
detection signal based on detection results of the speed-
detecting unit and the error-detecting unit during the
second speed interval when the motor moves the robot
with a constant speed.

10. The system of claim 9,

wherein the feedback signal comprises a position signal of
the motor, and

wherein the speed-detecting unit detects the speed of the
motor by differentiating the position signal.

11. The system of claim 9, wherein the determining unit
generates the substrate detection signal when the position
error lasts for a predetermined unit time during the second
speed interval when the motor moves the robot with a
constant speed.

12. The system of claim 9, wherein the substrate-detecting
unit further comprises:

a current-detecting unit suitable for detecting an actual
current value of the motor based on the feedback signal
when the loading of the substrate on the robot 1s
detected; and
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a reference table for storing impact forces for various
types of substrates and torque correction values corre-
sponding to the impact forces,

wherein the controller generates the control command by
selecting one of the torque correction values corre-
sponding to one of the impact forces of the detected
actual current value.

13. The system of claim 12, wherein the controller detects
the actual current value by secondarily differentiating the
teedback signal.

14. The system of claim 12, wherein the controller gen-
crates the control command by measuring a vibration ire-
quency based on difference between the actual current value
and a command current value.

15. The system of claim 1, wherein the detector comprises
an encoder or a tachometer.

16. A method of controlling a robot moving vertically and
horizontally using a motor comprising a blade, 1n response
to a control command generated by a controller, the method
comprising;

moving the robot to a first location by acceleration and

deceleration during a first speed interval, moving the
robot to a second location with a constant speed during
a second speed interval, and moving the robot to a
target location by acceleration and deceleration during
a third speed interval;

receiving a feedback signal representing physical status of

the motor;

generating a substrate detection signal by detecting

whether or not a substrate 1s loading on the robot based
on the feedback signal during the second speed interval
of the robot beginning at a first time and ending at a
second time; and

generating a control command based on the substrate

detection signal during the second speed interval at the
second time,

wherein the first speed interval, the second speed interval,

and the third speed interval occur in sequence, and
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wherein the controller 1s configured to detect whether or
not a substrate 1s loading on the robot based on change
of the feedback signal according to quiver of the blade
due to one of a weight, a size of the substrate when the
substrate 1s loaded on the blade of the robot.

17. The method of claim 16, wherein the generating of the

substrate detection signal comprises:

detecting a speed of the motor from the feedback signal;
and

detecting a position error of the motor from the feedback

signal.
18. The method of claim 17, wherein the generating of the

substrate detection signal 1s performed when the position
error occurs during the second speed interval when the
motor moves the robot with a constant speed.

19. The method of claim 17, wherein the generating of the
substrate detection signal 1s performed when the position
error lasts for a predetermined time during the second speed
interval when the motor moves the robot with a constant
speed.

20. The method of claim 17, wherein the detecting of the
speed of the motor i1s performed by differentiating the
teedback signal.

21. The method of claim 16, further comprising detecting,
an actual current value of the motor based on the feedback
signal after the generating of the substrate detection signal.

22. The method of claim 21, wherein the generating of the
control command 1s performed by selecting one of torque
correction values corresponding to an impact force of the
actual current value among 1mpact forces for various types
of the substrate to generate the control command.

23. The method of claim 21, wherein the generating of the
control command 1s performed by measuring a vibration
frequency based on difference between the detected actual
current value and a command current value.

24. The method of claim 21, wherein the detecting of the
actual current value 1s performed by secondarily diflerenti-
ating the feedback signal.
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